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jfojfr^Lft' A senuconductor device comprising: 
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Besides, the present invention is applicable not only to the 
semiconductor laser but also to the manufacture of a light 
emitting diode. Furthermore, this invention is applicable to 
the manufacture of various semiconductor devices having 
layers of p-rype nitride -based Group IH-V compounds. 
Other modifications may be made to the invention without 
departing from the spirit of the invention. 

As has been described above, according to the present 
invention, the acceptor-doped A1N or A1 2 0 3 cap layer is 
formed on the acceptor-doped nitride-based Group m-V 
compound semiconductor layer, and the resultant structure is 
subjected to heat treatment. Thus, the heat treatment tem- 
perature is raised and hydrogen can be removed while 
curbing evaporation of a constituent element such as nitro- 
gen. Therefore, the electrical activation ratio of acceptor 
impurity in the nitride-based Group HI-V compound semi- 
conductor layer can be increased and the high-quality p-type 
layer can be formed. This contributes to realization of a 
high-performance, short-wavelength semiconductor laser, 
etc. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details, and 
representative devices shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva- 
lents. 

What is claimed is: 



a buffer semiconductor layer made of Al 1 ^ fWf Ga,ln f N 
(O^s^l. O^t^l, s+t^l) and having a number of 
pinholes formed therein; 
a thermal distortion reducing layer made of AJ^^ 
Ga In^N (0=u^ 1. O^v^l. u+v^l) formed on said 
buffer semiconductor layer and having a different 
chemical formula from that of said buffer semiconduc- 
tor layer, 

a first cladding layer formed on said thermal distortion 

reducing layer; 
an active layer formed on said first cladding layer; and 
a second cladding layer formed on said active layer^ 



2. The semiconductor device according to claim 1. 
wherein, in said M^JjaJnJ* (O^u^l. O^v^ 1. u+v^ 1) 
for said thermal distortion reducing layer . v is set to be not 
less than 0.1 and not more than 0.9. 
5 • 3. A semiconductor device according to claim 1. wherein 
a film thickness of said thermal distortion reducing layer is 
greater than that of said semiconductor layer. 

4. The semiconductor device according to claim 1. further 
comprising a cap layer on said thermal distortion reducing 

10 layer to prevent evaporation of In included in said thermal 
distortion reducing layer. 

5. The semiconductor device according to claim 4. 
wherein said cap layer is made of Al^Ga^ (0=x= 1) and 
is formed at 500° C. to 800° C 

6. The semiconductor device according to claim 1. 
wherein said first cladding layer is made of Al ^^Ga JUi^N 
(O^x^l. O^y^l. x+y^l). 

7. The semiconductor device according to claim 1. 
20 wherein said thermal distortion reducing layer has a thick- 
ness of 50 nm to 1000 nm. 

8. A semiconductor device according to claim 1. further 
comprising a single crystal substrate on which said semi- 
conductor layer is formed. 

9- A semiconductor laser comprising: 
a first layer; 

a second layer made of Al A _ M _^Ga„In^ (O^u^l. 

O^v^l. u+v^l) formed on said first layer, 
a third layer formed on said second layer; 
an active layer formed on said third layer; and 
a fourth layer formed on said active layer, 
wherein said first layer is formed of Al^^GaJhijN 
(O^s^l. 0=t^ 1. s-K^l)with an average film thick- 
ness of 3 nm to 10 nm such that said first layer has a 
number of pinholes formed among said Alj.^Ga^lnjN 
(O^s^l. O^t^l. s+t^l). 
10. A secmiconductor laser according to claim 9. further 
40 comprising a single crystal substrate on which said first layer 
is formed. 
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11. The semiconductor device according to claim 1 , comprising: 
a substrate; 

sai d bu ffer semiconductor layer being formed on said substrate; and 
said pinholes co mprising exposed portions of said substrate throug h said buffer 
5 semiconductor layer. 

12. The semiconductor device according to claim \ f wherein: ^ 
said buffer semiconductor layer comprises crystals formed spaced apart; and 

said pinholes comprise spaces between said crystals. 

13. The s emiconductor device according to claim 1, wherein: 

10 said buffe r semiconductor laver comprises crystals loosely formed; and ^ 
'2 said pinholes comprise spaces between said crystals. 
j= 14. The semiconductor device according to c laim 1 r wherein: 

yi said buf fer semiconductor laver consists essentially of an AlGaN material 

2 15. The semiconductor device according to claim 1 , wherein: ^ 

15%| said buffer semiconductor layer consists essen tially of an A1N material. 

?! f 

">j 16, The semiconductor device according to claim 1 , wherein: ^ 

x \ ^ 

said thermal distortion reducing laver consists essentially o f a GaN material 



lfrsA semiconductor device co mprising: 
w a substrata 1 / ' 



20 crystals formed <5n said substrate containing at least Al and N; ^ 



a t hermal distortion reducing layer made of Al , u r Ga u Tn N (0^u<l. 0^v<l. u+v<l) 
formed On said crystals and having atijfferent chemical f ormula from that of said crystals; 
a first cladding laver formed over s^id thermal distortion reducing layer; 
an active layer formed over said first cladding layer; and 
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gisftcp nH nlnddi ng layer - formed over said activ sOayej^ . 
lV. T he se m iconductor d e v ice according to cl a i m 1 7, w herein; ^ 
saidWystals being disposed to expose portions of said substrate. 

19. Theft^miconductor device according to claim 17, wherein: <, 
said crysta l s\ojng loosely f or m ed o n s a id s ubst rate, 

20 . T he semicdn& bc tor dev ic e ac cord i ng to cla i m 17, wh e r ein; ^ 
said crystals compriste^means for controlling polarity. 

2 1. Th e se mi con du ctor dev ice ac cor din g to cl aim 1 7, wh erein; / 
said cry s t al s con s ists essentially of an AlGa N m at er ial. 

10 n 22. The^emiconductor device according to claim 17 f wherein: -^f 

said crystals coff^t^essentially of an A1N material. 



iH 23 . T he s e m iconductor dev ice a ccor di ng to c lai m 17, w herein; 

said th erm al di stortion r educing laye r consists es sent i al ly of a G aN ma teria l. 
24\A semiconductor device comprising: 



15 a buffeKhiyer composing a first layer made of A^ , tGaJii tN (0<s^ 1. 0< t<; 1, s+t<; 1) 

'q and a second layer m^de of Al j u v Ga u In 1 .N (O^u^ 1. 0^v< 1. u+v< 1) formed on said first layer 
and having a different cftemical formula from that of said first layer; 
a first cladding layer formed ove r s ai d seco n d lay e r ; 
an acti ve l ayer f o r med ove rpaid first cladding layer; a nd 
20 a second cladding layer formedvover said active layer, 

whe r ein said buffer l ayer comprisefejaea n s for co ntro lling pola r ity of a gro w t h 
surface— 

25. A semiconductor device according to claim 24, wherein: 
said means comprises pinholes. 



10 



2 6. A semiconductor device according to claim 24 T wherein: >f 
said means comprises a shape of said buffer lay er 

27. Th e semiconductor device according to claim 24, further comp rising- 
a substrate, wherein: 

Said b uffer laver comprises crystals formed on said substrate; and 

said means comprises i nterv a ls b etwee n s a id crystals exposing said substrate. 

28. The semico nductor d ev i ce acc ordi ng to claim 24 r wherein: 
said bu ffer laver consists essentially of an AIGaN material. 

29. The semiconductor device according to clai m 24 r wherein- 
sai d buffer laver consists essentially of an A IN material. 

30. The semiconductor device of claim 24, wherein: 
said thermal disto rtion reducing laver consists essentially of a GaN material 

) 3^. A semiconductor device co mprising : 

a buffer laver made of A1, . tGi ^N CO^s^ 1. Osts 1. s+t<; 1) 
a thermal distortion reducing layer made of A1, u r GaJn v N (0<;u<; 1. Osvs 1. u+v<; 1) 
formed on said bttffer laver and having a different chem ical formula from that o f said buffer 

layer; 

a first Claddin g l\ver form ed ove r s a i d thermal distortion reducing layer; 
an active la ver formed over said first cladding layer; and 
a second cladding layerVormed ov er said active lay er, 
wherein said buffer laver comprises means for c o ntrolling polarity of growth surface 
of said thermal dis tortion reducing layer. 

32. A se miconductor device according to claim 3 1 r wherein: 
said means comprises pinholes. 
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33. A semiconductor device acco r ding to claim 31 , wherein- ? 
said means comprises a shape of said buffer lay er 

34. The semic onduc t or dev i ce according to claim 31 , further comp rising- 
a substrate, wherein: ^ 
sa i d buffer laver compri se s c r y s t als formed on said suhstrate; and 

sa i d means comprises intervals between said c rystals exposing said snhsh-atf. 

35. The semicond uctor dev i ce according to claim 31 r wherein- 



sa i d buffer laver consists essentially of an AIGaN material 

36 . The sem i conductor device according to clai m 31. wherein- ^ 
said buffer laver consists essentially of an A IN material 

37 . The se m i conductor dev i ce of claim 3 1 , wherein ^ 
said thermal distortion reducing laver consists essenti a lly of a GaN material 

38. A semiconductor device manufactured u sin g a process comprising : ^ 
growing a first buffer layer of Al , . .GaJr ^N (Ozs d.0< td. s+t^ n on a surface of a 

Substrate havi ng Portions e xposing s aid surface of said substrate; 

forming a second buffer laver of Al , .. .£fa,In..N (0<; 1 . 0<v< 1 , u+ v <; n on said first 
buffer layer and having a different ch e mi ca l form ula from that of said first buffer layer; and 

forming an active laver over said second buffer layer 

39. A device ac cording t o c l a im 38 . wherein said process comprises- ^ 
growing Said f i rst b uffer laver at a t e mpe rature hetween and 350 C and 800 C. 

40. A de vice according to claim 38. wherein saiH 

process co mprises! s 
forming Said second buffer laver to abs orb thermal distortion 

41. A device according to claim 38. wherein sa id process comp rises- 



forming said first buffer layer con s isting essen tially of AlOaM 
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